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The work represented by t h i s paper consists 
of a regular coui'se of rec i t a t i o n s held on an 
average of two per week for periods of t h i r t y 
minutes each. The textbook used was Talbot's 
"Quantitative Analysis". The laboratory woik 
prescribed by the textbook was carried out i n 
regular laboratory periods of two hours each on 
Tuesday and Thursday of each week, with a l l un-
finished work completed on Saturdays. The work 




Kinds and t h e i r c a l i b r a t i o n 
GENiifiilL METHODS 
Divisions made of processes 
STMDAHD SOLUTiOHS 
Definition and preparation 
METHODS OF VOLUMSTRIG HiOGESSES ILLUSTjriATBD 
Saturation ( Acidnaetry 
( Alkalimetry 
Oxidation 
P r e c i p i t a t i o n 
B i b l i p g r a - p h y 
Quantitative Ghenicsal Analysis. 
Analytical Ohemistry. 
The Gheraical Analysis of iron. 
VOLUMEgaiG CiraTTCini ANALYSIS. 
A complete chemical a i a l y s i s of a body of tmkaown composition involves 
the recognition of i t s component parts by methods known as "q u a l i t a t i v e a n a l y s i s " , 
and the determination of the proportions of these components by the process known 
as "quantitative a n a l y s i s " . The methods of quantitative analysis are two, 
gravimetric or determination by weight, and volumetric or deterinination by volume. 
I n a l l quantitative work either gravimetric or volximetric, a few general 
precautions must be r i g i d l y observed by a l l who hope to achieve successful r e s u l t s . 
Chief among these i s attention to d e t a i l s , f or a small error, even that of one 
one-thousandth i n weighing or estimating volume, may lead to serious errors i n the 
r e s u l t s of the contpleted a n a l y s i s . General neatness and scrupulous cleanliness 
are at a l l times e s s e n t i a l . 
I n using wash bottles they should be of convenient s i z e and emit a 
f r e e l y flowing j e t of l i q u i d ; i f l i q u i d s other than d i s t i l l e d water are used i t 
wotfLd be well to l a b e l each wash bottle i n order that mistakes might not occur. 
Here i t might be mentioned that a l l instruments should be cleaned j u s t prior to 
usage; those of glass should be wiped dry with a clean l i n t l e s s towel. 
Too great care cannot be used in preventing l o s s of solutions during 
evaporation. This may occur either from too violent e b u l l i t i o n , from evaporation 
to dryness and spattering or from evolution of gas during heating. I t i s at a l l 
times best to heat liquids on a water-bath. Liquids containing suspended matter 
should be cautiously heated in order to avoid buniping, with i t s consequent r i s k to 
apparatus and solution. I t i s obvious that i n evaporating l i q u i d s the speed of 
the action i s dependent upon the amount of surface exposed to the a i r . In 
transferring l i q u i d s from one vessel to another a s t i r r i n g rod should alwaj'-s be 
employed to avoid a l l l o s s ; the rod must be so directed as to prevent any l i q u i d 
from col l e c t i n g on the rim of the v e s s e l . Furthermore, the number of transfers 
should be as small as possible and must at a l l times be accompanied by draining 
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and washing of the containing v e s s e l , in order that traaisfer of a l l material i s 
assured. 
Qiiantitative a n a l y s i s implies necessary protection against l o s s of 
material and introduction of foreign matter. Care must be taken by the analyst 
to have absolutely accurate records of a l l steps of an a n a l y s i s ; once l e t the con-
fidence of the analyst i n h i s own work be shaken the work should be discarded and 
the entire process repeated. 
Altho a l l kinds of quantitative analysis are time consuming i t w i l l be 
to the advantage of the analyst to give smgle time to an a n a l y s i s ; pursuing i t 
with the greatest care and accuracy. Then and then only are the r e s u l t s of the 
experiment of p r a c t i c a l as w e l l as theoretical value. 
The above b r i e f introduction i s necessary that the place of volumetrio 
analysis i n the f i e l d of chemi.stry may be f u l l y understood. 
Perhaps the best d e f i n i t i o n of volumetric analysis i s that given by 
Jtuter: "Volumetric analysis i s that i n which the quantity of any reagent 
required to perform a given reaction i s ascertained and the amount of the sub-
stance acted upon i s found by calculation". 
The a n a l y t i c a l balance i s equally r e q u i s i t e as a s t a r t i n g point of both 
systems; furthermore, volumetric processes demand beside an accurate balance 
ststndard solutions, namely solutions of accurately known value; graduated i n s t r u -
ments i n Which to measure volumes of solutions; and f i n a l l y some means of 
accurately indicating the point at which the reaction i s complete. These sub-
stances are known as indicators; a further discussion of them w i l l appear in a 
l a t e r part of t h i s paper. 
That process by which a standard solution is brought into reaction i s 
called t i t r a t i o n , or, according to Muter, " t i t r a t i o n i s the process of adding to 
the solution to be analyzed the reagent from a graduated measure." The point at 
which the reaction i s exactly completed i s known as the end-point. The 
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indicator should show the end-point of the t i t r a t i o n . 
Volumetric processes are e a s i l y c l a s s i f i e d according to their 
character into; 
I . Saturation methods - such, for example, as those of acidimotry and 
alkalimetry. 
I I . Oxidation processes - as exemplified i n the determination of ferrous 
iron with potassium bichromate. 
JLXi. Precipitation methods - of vAiidh the t i t r a t i o n for s i l v e r with 
potassium thiocyanate solution i s an i l l u s t r a t i o n . 
Another d i v i s i o n of the methods which may be made i s that of (a) 
Direct methods, i n which the substance to be measured i s d i r e c t l y determined by 
t i t r a t i o n with a standard solution to an end-point; and tbj Indirect methods, i n 
vaiicSh the substance i t s e l f i s not measured but a quantity of reagent i s added 
Tsftxich i s known to be an excess with respect to a given reaction, and the unused 
excess determined by t i t r a t i o n . 
Volumetric processes are in general l e s s time consuming and more 
accurate than gravimetric processes, having the same object. However, the 
number of reactions capable of adaption as volumetric methods i s very limited. 
For the sake of clearness the requisites of volumetric analysis such as ins t r u -
ments, standard solutions and indicators w i l l he discussed t o p i c a l l y . 
The a n a l y t i c a l balance i s a very delicate instrument capable of very 
accurate service i f c a r e f u l l y used. A few rules which the analyst should keep i n 
mind in order to avoid inaccurate r e s u l t s are these; the balance-pans should be 
brushed off ai:id the adjustment of the balance tested before usage. This test 
i s made by determining whether the balance i s l e v e l , whether the pointer points to 
zero when l i f t e d from the knife edges and whether when set free i t s o s c i l l a t i o n s 
are equal. Next determine that the mechanism for r a i s i n g and lowering the beam 
works smoothly. Also that the pan ar r e s t s touch the pans when the beam i s 
lowered. These e s s e n t i a l s should be caref u l l y f u l f i l l e d before the balance i s 
used. Furthermore, the beam should never be set in motion by touching the pans, 
nor by lowering i t f o r c i b l y upon the knife edges but only by the regular device 
*4 
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provided for t h i s purpose; otherwise the Icnife edges heconse d u l l . For the same 
reason weights should never he put on or taken off the pans unless the beam i s 
supported. The w e i ^ t s should be used in regular order as they occur in the 
weight box and the w e i ^ t recorded by noting f i r s t the missing weights and then 
those upon the balance pan. The balance case, i t must be remembered, should 
always be closed during the f i n a l weighing to protect the pans from the influence 
of a i r currents. Above a l l , no chemical substance should be placed d i r e c t l y 
upon the balance pan, nvory substance or v e s s e l weighed should be dry and cold, 
for warm or daiiip objects occasion a i r currents which would v i t i a t e the acctiracy 
of the weight. naatly, should any damage be done the balance, remedy i t at once 
thus a l l e v i a t i n g tne danger ox errors to your work and of ruining the balance. 
Another es s e n t i a l for volumetric analysis i s gi'aduated instruments. 
These are burettes, pipettes and volumetric f l a s k s . A burette consists of a 
xmiformly c y l i n d r i c a l glass tube, the bore of which i s such that the divisions 
etched upon i t s svirface slrnll correspond to actual contents as far as i s practicable. 
This tube i s contracted at one extremity and terminated in either a glass stop-
cock and deliveiy tube or i n such a maniner that a piece of rubber tubing may be 
firmly attached, coimectiag a delivery tube of g l a s s . The rubber tubing i s 
closed by means of a pinch cock. The graduations are usually i n cubic c e n t i -
meters, which are sub-divided into tenths. 
A pipette may consist of a narrow tube i n the middle of which i s blown 
a bulb of capacity a l i t t l e l e s s than that wished to be measured by the pipette. 
The flow of the l i q u i d i s regulated by the pressure of the finger at the top, 
which governs the admission of a i r . 
Graduated measuring f l a s k s are similar to the ordinary f l a t bottomed 
f l a s k but have loiog narrow necks in order that s l i g h t variations i n the position 
of the meniscus with respect to the graduation s h a l l represent a minimum volume 
of l i q u i d , xf accuracy of res^alts i s to be attained the correctness of a l l 
measurixig instruments must be t e s t e d . Hone of the apparatus on the market can 
be i r a p l i c i t l y r e l i e d upon and c o r r e c t i o n s must be made f o r the d i f f e r e n c e s of 
ten^perature of varioixs l a b o r a t o r i e s . The bore of the b u r e t t s i s subject to 
s l i g h t v a r i a t i o n s aJid s i n c e the graduations are made without regard to such 
v a r i a t i o n s , e r r o r s r e s u l t . The same may be s a i d of f l a s k s and p i p e t t e s . 
However, f l a s k s a r e g e n e r a l l y purcliased ungraduated and then graduated so as to 
be standard f o r the l a b o r a t o r y i n question. 
The process of t e s t i n g these instruments and o o r r e c t i n g the e r r o r s i s 
known as c a l i b r a t i o n . 
i t i s v e r y unfortunate that no Tmiform standard volume has been 
adopted f o r a l l l a b o r a t o r i e s . Many teinperatures have been suggested at which 
1000 grams of water shoixld equal one l i t e r . The t r u e l i t e r i s the volume of 
1000 grams of water at 4° 0. but t h i s i s p l a i n l y below the temperature of the 
ordinary l a b o r a t o r y . Thus i t may be seen t h a t any convenient temperature may be 
diosen but i t i s e s s e n t i a l that a l l the measuring instruments to be used be 
c a l i b r a t e d at the same temperature. 
The method of c a l i b r a t i n g a b u r e t t e i s as f o l l o w s : Glean the burette 
by poiiring into i t a waimi s o l u t i o n of chromic a c i d i n concentrated s u l p h u r i c 
a c i d . such a s o l u t i o n i s prepared by adding to concentrated commercial s u l p h u r i c 
a c i d a few c r y s t a l s of potassium bichroimite and a l i t t l e water. Heat gently and 
pour o f f the s o l u t i o n . i t i s convenient to keep soiae of t h i s s o l u t i o n on hand 
fo r c l e a n s i n g purposes. 
Stopper the b u r e t t e and b r i n g the a c i d i n contact w i t h i t s whole length 
hy shaking. fo-ar out the acid and wash out thoroughly w i t h water u n t i l when the 
water runs through the burette no drops remain on the s i d e s . Allow the water t o 
run out, then f i l l t h e b^irette w i t h d i s t i l l e d water which has been standing f o r a 
h a l f hour near the spot where the b u r e t t e i s to be used. Allow the water to run 
out u n t i l convinced that no a i r bubbles a r e enclosed; f i l l to the zero mark, run 
o f f the l i q u i d u n t i l the meniscus i s j u s t below the zero mark. Estimate the 
tenths of the small divisions coiresponding to hundredths of a centimeter and 
record the reading. 
W e i ^ a f i f t y cubic centimeter f l a s k , which must be dry on the outside, 
to the nearest centigrade; place t h i s f l a s k under the burette and draw out into 
i t about 10 c.c. of water, removing any drop on the t i p of the burette by touching 
i t against the inside of the neck of the f l a s k . Note the time and a f t e r three 
minutes take the burette reading accurately. Meanwhile, weigh the f l a s k and 
water to centigrams and record this weight. Draw off the l i q u i d from 10 c.c. 
to 20 c.c. into the same flask without emptying i t , weigh and af t e r three 
minutes taace the burette reading; and so on througliout the length of the burette. 
The apparent volumes are represented by the differences i n readings while the 
true volume i s represented by the differences i n weight. 
In calculations of coi*rections the temperature of the water must be 
taken into account, i f t h i s v a r i e s more than 4° C. from the laboratory standard. 
In the c a l i b r a t i o n of a burette i n the chemical laboi'atory of Ursinus 
Oollege the above methods were used. The r e s u l t s of the ca l i b r a t i o n are given 
below in tabular form: 
Temperature of water 17° C. 
Burette Reading Differences Observed Weight Differences 
0 — — isrnpty f l a s k 21.33 
9.9 9.9 31.24 9.91 
19.99 10.09 41.314 10.07 
29.99 10.00 51,3 9.986 
39.9 10.00 61.24 9.96 
49.95 10.05 71.283 10,04 
The conclusion reached was that none of the differences were large 
enoui^ to make an appreciable error when divided, as they would have to be, by 
tc2n. 
Pipettes are calibrated in the same general way as burettes. They 
must be thoroughily cleaned; then they are f i l l e d with water and t h i s i s drawn off 
and w e i r e d . The volume o f the water should correspond \7ith the weight of 
water. i n making t h i s c a l i b r a t i o n a d e f i n i t e amomt of time should be allowed 
f o r the p i p e t t e to d r a i n , x f i t i s d e s i r e d to have the marked volxmie represent 
the amount of l i q u i d d e l i v e r e d there must be some means of removing the drops 
w h i d i c o l l e c t a t the end of the tube. T h i s may be done e i t h e r by tapping gently 
against the side of the r e c e i v i n g v e s s e l or by g e n t l y blowing o'at the l a s t drops. 
E i t h e r p r a c t i c e rmst be followed uaxiformly. 
F l a s k s are c a l i b r a t e d I n the f o l l o w i n g maiiner: The d e s i r e d f l a s k i s 
cleaned and c a r e f u l l y d r i e d outside and i n s i d e . Then t a r e i t a c c u r a t e l y and 
place on the opposite balance pan the. number of v/eights i n grams, corresponding 
to the d e s i r e d volume; pour water into the f l a s k u n t i l the w e i f ^ i t of the l a t t e r 
cotaiter-balances the weight on the pan, removing -any excess w i t h the a i d of f i l t e r 
paper. Take the f l a s k from the balance, stopper i t , place i t i n a bath at the 
d e s i r e d temperature, u s u a l l y 15° 0. or 17,5° C, and a f t e r an hour mark on the 
neck with a diamond the lowest point of the meiiiscus. 
F l a s k s may be c a l i b r a t e d e i t h e r f o r "contents" or " d e l i v e r y " , i n the 
f i r s t case they c o ntain the i n d i c a t e d volume when f i l l e d to the graduation; 
while i n the second, case the f l a s k w i l l d e l i v e r the s p e c i f i e d volume I f allowed 
to d r a i n f o r a d e f i n i t e p e r i o d , A f l a s k may be graduated f o r both by p l a c i n g 
two marks upon i t . 
To c a l i b r a t e a f l a s k f o r deliv.ery i t should be f i l l e d v/ith water and 
allowed to d r a i n f o r a d e f i n i t e p e r i o d , xt i s then t a r e d , the weights placed on 
the counter-balance pan and water put i n to balance these. Then i t i s placed 
i n a bath of the required temperature and Jifter an hour i t i s marked. F l a s k s 
ar e sometimes c a l i b r a t e d thus f o r d e l i v e r y but the general oustora i s to c a l i b r a t e 
them f o r content only. < 
I n c a l i b r a t i n g a f l a s k the v / r t i e r s e l e c t e d one of 250 c,c, capacity and 
followed the above d i r e c t i o n s c a r e f u l l y . i i e s u l t s are given i n the f o l l o w i n g 
t a b l e . 
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W e i ^ t of f l a s k - 250 c.c. c a i a c i t y , empty - 50.953 grams 
•feight of f l a s k f i l l e d w i t h 250 c.c. of watex* - 300.S53.grams 
Temperature of water - 17° 0, 
Meniscus raaiiced according to d i r e c t i o n s . 
i t i s e s s e n t i a l t h a t u n i f o r m i t y of p r a c t i c e s h a l l p r e v a i l throuj^iout 
a l l volumetric work w i t h respect to those matters ?/hich can i n f l u e n c e the 
accuracy of measureme;* of l i q u i d s , I'/hatever conditions are imposed during the 
c a l i b r a t i o n of a b u r e t t e , p i p e t t e or f l a s k such as temperature or time f o r 
draWoxxg must be r i g i d l y observed whenever such instrument i s used. 
I t i s evident that s t a n i a r d s o l u t i o n s niust be protected from d i l u t i o n 
or concentration a f t e r t h e i r value has been determined. Accordingly, great care 
should be talcen to r i n s e out a l l instruments c a r e f u l l y before they are considered 
ready to be r e f i l l e d . L i k e w i s e , a i l s o l u t i o n s should be kept i n t i ; ^ t l y 
stoppered v e s s e l s and away from d i r e c t s u n l i ^ t a::d h e a t . The b o t t l e should be 
shaken before use to c o l l e c t a i y l i q u i d which may have d i s t i l l e d from the 
s o l u t i o n and c o l l e c t e d on the s i d e s of the container. 
I n volumetric a n a l y s i s much time may be saved by estimating the 
approximate volume of a standard s o l u t i o n which w i l l be required f o r a t i t r a t i o n . 
T h i s amount or r a t h e r a l i t t l e l e s s than t h i s amount may be run i n r a p i d l y and 
then the end-point reached a c c u r a t e l y by c a r e f u l a d d i t i o n of the reagent drop by 
drop. However, the laiowledge of the t h e o r e t i c a l amount should never be allowed 
to i n f l u e n c e the Judgement of the esperimenter regarding the end-point. 
Standard s o l u t i o n s of a c i d s and a l k a l i e s are required f o r these 
processes together w i t h such i n d i c a t o r s as w i l l a c c u r a t e l y designate the end-
p o i n t . I n order to be of use the value or strength of a s o l u t i o n mast be kaowa. 
T h i s process i s knov/n as s t a n d a r d i z a t i o n and c o n s i s t s i n b r i n g i n g the s o l u t i o n 
of xmdetermined strength into r e a c t i o n w i t h a d e f i n i t e weight of a substance of 
known p x i r i t y . For example, a known weight of sodium carbonate may be d i s s o l v e d 
i n water and the volume of a s o l u t i o n o f h y d r o c h l o r i c a c i d required to e x a c t l y 
n e u t r a l i z e the carbonate a c c u r a t e l y determined. From t h i s d a t a the strength of 
- 9 _ 
the acid may then be computed. i t i s then a standard solution. 
Standard solutions may be made of purely empirical strength dictated 
so l e l y by convenience of manipxilation or the concentration may be varied in 
accordance with a definite system based upon chemical equivalents. Such solutions 
usually bear a definite r e l a t i o n to the normal solution of a s p e c i f i c reagent; 
they are, for example, h a l f normal, deci-normal or centi-nomal solutions. 
There are numerous definitions of a standard solution. Muter defines 
i t as "a solution of definite strength node by dissolving a given weight of a 
reagent i n grams i n a definite volume of water i n cubic centimeters or a solution 
such that containing such a weight of substance in 1 gram that w i l l combine with, 
displace or otherwise perform a chemical function equal to that of one gram of 
hydrogen". Talbot defines a standard solution as "containing i n one l i t e r one 
equivalent of the aotive reagent in grams". The equivalent in grams being defined 
as "that quantity of the active reagent which contains, replaces, unites with or 
in any way direct or indirect brings into reaction one gram of liydrogen. 
Therefore we see that one l i t e r of normal acid solution should contain 
that quantity of reagent that represents 1 gram of h^rdrogen displaceable by a 
base. Thus normal hydrochloric acid, H O I , should contain 36.45 grams of the gaseous 
compound, as that amount w i l l give the requisite hydrogen. Sulphuric acid. 
Ho 3 O 4 , on the other ha.xd should contain i n i t s normal solution only 49.03 grams 
or one-half i t s molecular weight. 
A normal a l k a l i solution should contain in one l i t e r s u f f i c i e n t a l k a l i 
to replace 1 gram of hydrogen in an acid. Thus sodium hydroxide, HaOH, should 
contain i t s f u l l molecular weight per l i t e r or 40.05 grams; while a sodium 
carbonate solution, JSagUOg, should contain only one h a l f of i t s moleeular weight 
or 53.05 grams per l i t e r . 
A normal solution of an oxidizing agent should contain one equivalent 
of available oxygen, that i s , enough oxygen to unite with 1 gram of hydrogen to 
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form water. The amotmt of potassitan bichromate (KgCroOYlwhich w i l l f u r n i s h one 
equivalent of hydrogen i s seen by the f o l l o w i n g o u t l i n e : K20r2O7 upon reduction 
y i e l d s a s a l t K.2O thus K.2Gr207 equals p l u s Gr20^ p l u s 30, The r e s i d u a l and 
a v a i l a b l e oxygen i s three atoms .Accordingly one gram molecule w i l l f u r n i s h three 
eqxiivalents o f a v a i l a b l e oxs^gen, or enough to o x i d i z e s i x grams of hydrogen to 
water as shown by the equation SHg p l u s 3O2 equals 6 H 2 O , The d e f i n i t i o n only 
dennndr. one s i x t h of the molecular weight or 49.08 f o r a norim.1 s o l u t i o n . 
A normal reducing agent must have the same reducing power per l i t e r 
as one gram of hydrogen. Thus a s o l u t i o n of stannous c h l o r i d e must contain one-
h a l f i t s molecular weight i j i grams per l i t e r 94.95 grams, as shown by the 
equation S U C I 2 p l u s 2 FeClg equals S u C l ^ p l u s 2 Pe0l2H2 p l u s EFeGlg equals 
2HC1 p l u s 2PeGl2. 
Hormal s o l u t i o n s have the advantage of u n i f o r m i t y . A normal a c i d 
s o l u t i o n w i l l e x a c t l y n e u t r a l i z e a normal a l k a l i s o l u t i o n , w h i l e a n o r m l 
o x i d i s i n g s o l u t i o n w i l l e x a c t l y r e a c t w i t h a nojrmal reducing s o l u t i o n . I t rwxst 
be noted however t h a t the same substance msy have d i f f e r e n t e q u i v a l e n t s when used 
under d i f f e r e n t c o n d i t i o n s ; as potassium permanganate i n n e u t r a l s o l u t i o n s y i e l d s 
three atoms of a v a i l a b l e oxygen and i n a c i d s o l u t i o n s i t y i e l d s f i v e atoms. The 
f a c t s must be remeidbered and such conditions must be s t a t e d i n the r e s u l t s . 
The preparation of an e x a c t l y h a l f normal or deci-norxaal s o l u t i o n 
requires great time and c a r e . However, the preparation of standard s o l u t i o n s 
i s comparatively easy and such s o l u t i o n s are a p p r o x i m t e l y equal; that i s , two 
approximately half-normal s o l u t i o n s are b e t t e r to work w i t h than two that are 
w i d e l y d i f f e r e s i t i n s t r e n g t h . 
Standard a c i d s o l u t i o n s may be prepared from e i t h e r h y d r o c h l o r i c , 
s u l p h u r i c or o x a l i c a c i d s . Each has d i f f e r e n t advantages and. disadvantages;for 
i n s t a n c e , h y d r o c h l o r i c a c i d forms so l u b l e compounds w i t h a l l the a l k a l i n e earths 
but i t s solutioxi cannot be b o i l e d without l o s s of s t r e n g t h . Sulphuric a c i d , on 
the other hand, may he hoiled without loss of strength, hut i t forms insoluble 
sulphates with three of the a l k a l i n e earths. Oxalic acid can be accurately 
weighed out for solutions, i t can be boiled without l o s s of- strength but three 
of the alkaline earths form with i t insoluble oxalates and i t cannot be used with 
certain indicators. Thus the solution determined upon for usage would depeni 
upon the necessary steps of the t i t r a t i o n , 
Staaidard a l k a l i solutions may be prepxared from sodium or potassium 
hydroxides, sodium carbonate, barium hydroxide or ammonia. Like the acid solutions 
these different a l k a l i e s have di f f e r e n t advantages and disadvantages. Sodium 
and potassiujn may be used with a l l indicators and their solutions boiled but they 
readily absorb carbon dioxide and attack glass; sodium carbonate can only be 
weighed d i r e c t l y i f i t s purity i s assured but ihore i s a great disadvantage i n 
carbonic acid i n the carbonate affecting many indicators; barium hydroxide 
solutions may be prepared absolutely free from carbon dioxide; they readily show 
absorption of t h i s gas by precipitation but the hydroxide i s not fre e l y soluble 
i n water. Ammonia does not absorb carbon dioxide as readily as caustic a l k a l i e s 
but i t s solution cannot be boiled nor used with a l l indicators. Again the 
choice of solution must depend upon the nature of the work. 
Having prepared accurately calibrated instruinents and the standard 
solutions before further progress can be made i n volumetric a n a l y s i s , a thorou^ 
understanding of indicators i s necessary. 
According to Muter "an indicator i s a substance added to a solution to 
enable us to ascertain by a change of color the exact point at which a reaction 
i s complete". . . 
The substances used as indicators i n both acidimetry and alkalimetry 
are varied, comprising a considerable nuiiiber, many of which are of ver;? complicated 
structiore but a l l of whicli Isave the common clmraot e r i s t i c of imparting a different 
color to solutions according to thei r acidimetry or alkalimetry. The change of 
color i s produced by a s l i ^ t excess of either plus H ions or minus OH ions, as 
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f o r example i n the case of l i t m u s . These substances v a r y i n strength and 
Cixaracter, a few are weak bases, a few pronounced a c i d s but the m a j o r i t y are 
weaic a c i d s . 
The f o l l o w i n g o u t l i n e of the d i f f e r e n t i n d i c a t o r s and t h e i r uses w i l l 
serve to g i v e a g e n e r a l idea of t h e i r c l a s s i f i c a t i o n : 
For a c i d s and ( L i t n K i s , idienolphthalein. Methyl oraxige. Cochineal, 
a l k a l i e s ( H e i n a t o s y l i n and iodeocin. 
For s p e c i a l ( S t a r c h - i m s t a , rot as slum Ohrossate s o l u t i o n , 
uses ( Fotass iura F e r r i c y a n i d e s o l u t i o n . 
Fhenolphthale.ia i s the most s e n s i t i v e of these i n d i c a t o r s towards a c i d s 
and methyl orange toward, a l t e x l i e s . J.n t i t r a t i n g a strong base against a strong 
a c i d any of these i n d i c a t o r s may be used. 'f/hen, however, a weak a c i d and base 
are being t i t r a t e d the i n d i c a t o r must be c a r e f u l l y s e l e c t e d . The general change 
involved a r e of two k i n d s , 11) a rearraiigemer.t of the atoms w i t h i n the molecule 
such as o f t e n occurs i n organic compounds; and ^2) i o n i c changes. 
Methyl oraaige i n aqueous s o l u t i o n has a j rel low c o l o r , i t behaves as 
a v e r y weak base. To tcidarstand why i t i s the most s e n s i t i v e of common i n d i -
c a t o r s toward bases i t must be understood t h a t being a weak base i t i s s l i g h t l y 
d i s s o c i a t e d ; t h i s f r e e base forms immediately on the s l i g h t e s t excess of uH ioxis, 
thus changing the color from red to y e l l o w , un the contrary i t i s a poor 
i n d i c a t o r f o r weak a c i d s because the s a l t s formed are e a s i l y hydrolyaed, making 
the end-point of the r e a c t i o n very u n c e r t a i n , 
Phonolphthelein, on the other hand, i s an e x c e l l e n t i n d i c a t o r f o r weak 
a c i d s . Being i t s e l f a weak a c i d i t i s l i t t l e d i s s o c i a t e d and accordingly i t s 
undissociated tcolorless molecules are promptly produced as soon as there i s any 
f r e e a c i d i n the s o l u t i o n . when used w i t h a l k a l i e s the s a l t s foxrtMd are e a s i l y 
Itydrolyzed, which renders the change of color l e s s sharp than i n a c i d s o l u t i o n s . 
Here i s must be remembered that concentrations, d i l u t i o n , and temperature 
of the s o l u t i o n a f f e c t s the s e n s i t i v e n e s s of the i n d i c a t o r . i t i s important, 
t h e r e f o r e , to use approximately the same volume f o r s t a n d a r d i z a t i o n as w i l l be 
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used i n the a n a l y s i s and to have approximately the saii» temperature. 
A methyl orange s o l u t i o n f o r use as an i n d i c a t o r i s coinmoaly made hy 
d i s s o l v i n g 0,05-0.1 graatis of the coiapo'aad i n a few cubic centimeters of alcohol 
and d i l u t i n g w i t h water to 100 u.u. T h i s can be used to t i t r a t e h y d r o c h l o r i c , 
n i t r i c , s u l p h u r i c , phosphoric and sulphurous a c i d s and as p a r t i c u l a r l y u s e f u l i n 
determining such bases as sodium, potass iam, barium, calcium and ammonium. 
Phesiiolphthalein s o l u t i o n i s made by d i s s o l v i n g 1 gram of the pure 
compound i n 100 c.c. of 96 percent a l c o h o l . i t i s used i n the t i t r a t i o n of weak 
a c i d s , p a r t i c u l a r l y organic a c i d s , i t c:-nnot be used w i t h weak bases, even 
amBonia, x t i s a f f e c t e d by carbonic a c i d , which must be removed by h e a t i n g when 
other a c i d s a r e to be measured. 
When, t h e r e f o r e , yoa have prepared the i n d i c a t o r s and the graduated 
instruments aiid understard the p r e p a r a t i o n of normal s o l u t i o n s , the preparation 
of these s o l u t i o n s and t h e i r s t a n d a r d i z a t i o n may be e f f e c t e d . 
The balance of the paper w i l l t h e r e f o r e be devoted to the v a r i o u s v o l u -
m e t r i c processes as they have been c l a s s i f i e d , 
S a t u r a t ipn, 
Prepiaration of h a l f normal s o l u t i o n s of Hydrochloric Acid and Boditmi 
Hydroxide. • 
C a l c u l a t e the nimber of cubic centimeters of h y d r o c h l o r i c a c i d 
r e q u i r e d to f u r n i s h 36,45 grems of the gaseoxis compound, Meastire out a volxmie 
of a c i d about 10 c.c. i n excess of the c a l c u l a t e d q u a n t i t y , put i t into a 2 l i t e r 
b o t t l e and d i l u t e w i t h d i s t i l l e d water to approximately 2000 c.c. Shake w e l l to 
secure a xxnifoim) s o l u t i o n . 
Weigh out on rotxgh balances 40 grams of sodium hydroxide. D i s s o l v e 
the hydroxide i n d i s t i l l e d w ater, d i l u t e to 2000 c.c. and make the s o l u t i o n 
xmif c m by shalcing. 
S e l e c t two clean burettes and f i l l them w i t h the s o l u t i o n a f t e r r i n s i n g 
them out thi-ee times w i t h 10 c.c. of the s o l u t i o n , each time l e t t i n g i t rxrn t h r u 
- 14 -
i n order that the displaceme t of a l l water from that part of the tube may be 
assured. Note the temperature of the solution and when sui"e that a l l a i r 
bubbles are displaced note the exact position of the l i q u i d i n each burette. 
Run out of the burette 40 c.c. of the acid into a beaker, add two drops of 
methyl orange; dilute the acid to about twice i t s o r i g i n a l volume and run into 
t h i s solution a l k a l i from the other burette u n t i l the pink color gives place to 
yellow. i f the l i q u i d has spattered wash down the sides of the beaker with a 
l i t t l e d i s t i l l e d water. Place the beaker under the acid burette, run in acid 
u n t i l the pink color retui'ns; then run in a l k a l i u n t i l the yellow color returns; 
continue these alternations u n t i l a single drop of either solution produces a chage 
of color. Select as the er>d point the disappearance of the yellow color but 
always t i t r a t e to the same point. Record the readings in a notehook. 
R e f i l l the burettes and repeat the t i t r a t i o n . Hake any corrections 
indicated as necessary by btirette c a l i b r a t i o n s . Obtain the r a t i o of the sodium 
hydroxide to the hydrochloric acid by dividing the number of cubic centimeters of 
the a l k a l i required for neutralization. 
The following are the tabulated r e s u l t s of a t i t r a t i o n , described as 
above, performed by the w r i t e r . Temperature 19° G. 
Ila OH " H 01 
I - 0.6 0.55 
17.05 40.95 
I I - 12.95 0.10 
50.00 40.7 
17.05 40.6 
Ratio - Ha OH : H 01 :: 1 : 2.34 
When t h i s l a t i o has been established the hydrochloric acid i s 
stand.ardized thus: Place i n a platinum crucible about 6 grams of the purest 
sodium bicarbonate obtainable and put this in a prcelain crucible supporting i t 
upon a pipestem triangle so that there i s an a i r space between them of a l i t t l e 
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l e s s than a half inch. Heat the exit side crucible gently and bring the tenpera^ 
txire of the bicarbonate f a i r l y rapidly to 270° 0,, then r a i s e it slowly to 300° C, 
The bicarbonate sliould be frequently s t i r r e d with a clean glass rod. At the 
end of a half hour transfer the platinxam crucible, xvhioh noxv contains sodium 
carbonate, to a desicator; when, cold transfer i t to a stoppered weighing bottle 
and weigh into 400 c.c. beakers two portions of 1 gram each. Dissolve t h i s 
with the aid of s t i r r i n g i n 80 c.c. of water, and add two drops of methyl orange. 
P i l l the bxxrettes with the stardard a l l s i l i and acid solutions noting the i n i t i a l 
burette reading and the temperature. Hun in acid xnatil the solution has be-
come pink then a l k a l i xnatil yellow; then f i n i s h the t i t r a t i o n as previously de-
scribed. Hote the burette readings. Prom the data recorded, i t i s possible 
to calculate the amoxmt of lydrochloric acid neutralized by the pxare sodixim 
carbonate and so determine i t s r e l a t i o n to a aoi-mal solution. 'When found add 
the requisite amoxmt of water. 
Prom the known ra t i o of the two solutions and the known value of the 
acid the value of the a l k a l i may be foixnd and the necessary amoxmt of water 
added to i t a l s o . 
Results from standardization of previously prepared normal solution 
standardized as described above: 
Acid used H C I A l k a l i used 
.0.00 - 49.7 .4 - 3.8 
0,00 - 36.1 3.4 c.c. used 
85.8 c.c. 
1000 X 85.8 = 2523 c.c. 
3.4 
2523 V 2 (making ̂ ) equals 1261.5 c.c. of a c i d . 
Conclusion: The acid i s too weak, i t requires 1261.5 c.c. to do the work of 
1000 c.c. 
Detei-mination of Total Iron in Sample. 
Very few iron ores are d i r e c t l y and e n t i r e l y deconiposeable by hydro-
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C h l o r i c a c i d and s i n c e the i n s o l n h l e residue contains more or l e s s i r o n , as 
s i l i c a t e , t i t a n i f e r o u s , e t c . , i t i s best to proceed thus: Place 1 gram of 
f i n e l y powdered ore i n a 50 c.c. beaker; add 10 c.c. of H 01 and digest on a 
hot p l a t e u n t i l a white f l o t a n t residue appears or u n t i l the a c i d appears to have 
no f u r t h e r a c t i o n , Svaporate to dryness. R e d i s s o l v e i n 5 c.c. of H 0 1 , d i l u t e 
w i t h 10 CO, of water; allow to s e t t l e , decant the c l e a r l i q u i d into a 500 c.c. 
f l a s k . T r a n s f e r the residue to a f i l t e r placed i n a funnel f i t t e d into the 
neck of the f l a s k and wash w i t h as l i t t l e water as p o s s i b l e . Pat residue ard. 
f i l t e r i n t o a platinum c r u c i b l e ; burn i t o f f ; c o o l ; pour on the residue 30 drops 
of s u l p h u r i c a c i d and about twice as much h y d r o f l u o r i c a c i d . Heat. I f the 
residue i s d i s s o l v e d evaporate o f f h y d r o c h l o r i c a c i d ; allox'? the l i q u i d to cool 
and d i l u t e s l i g h t l y when i t w i l l be ready to be added to the deoxidised s o l u t i o n 
i n the f l a s k . 
I f the residue d i d not d i s s o l v e i t shoxild be t r e a t e d thus; Orucible 
i s heated u n t i l most of the s u l p h u r i c a c i d i s d r i v e n o f f ; then add ,5 gram of 
potassium bisulphate and heat gradue.lly u n t i l the potassium bisulphate i s quite 
l i q u i d and fumes of s u l p h u r i c a c i d a r e d r i v e n o f f . IThen a l l the black specks 
have disappeared allow the c r u c i b l e to cool and d i s s o l v e the s a l t i n the c r u c i b l e 
w i t h hot water and a few drops of h y d r o c h l o r i c a c i d . 
Meaawhile deoxidize the s o l u t i o n i n the f l a s k . There are s e v e r a l 
methods f o r the deozidation of f e r r i c c h l o r i d e but the one used was to add 
granulated z i n c . The i r o n i s deoxidized then according to the equation; 
Peg Gig p l u s Zu equals 2 Pe C l g p l u s Zn Gig 
As a l l z i n c contaiiis some i r o n the amoimt used must be weighed. Three 
grams were used. The z i n c was put i n the s o l u t i o n i n the f l a s k and a funnel 
put i n the neck of the f l a s k which, w h i l e i t allowed the hydrogen to escape 
prevented arxy l o s s of l i q u i d . 
I t sometimes happens that as the s o l u t i o n becomes n e u t r a l i z e d a basiat 
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s a l t of f e r r i c oxide i s thrown down which i s shown hy a reddish c o l o r . I n t h i s 
ca,se add a few drops of }ij:'droGhloric. a c i d and when the s o l u t i o n f i n a l l y Decomes 
c o l o r l e s s add a few drops more of l i y d o r o h l o r i c a c i d . x f t h i s f a i l s to produce 
a y e l l o w i s h color the s o l u t i o n i s d i o z i d i z e d . Pour i n through the funnel the 
s o l u t i o n of the residue i n s o l u b l e i n h y d r o c h l o r i c a c i d and add g r a d u a l l y a 
mixture of 10 c.c, s u l p h u r i c a c i d and EG c.c. water. T h i s i s v e r y important 
as i t d i s s o l v e s the remainder of the z i n c and supplies the proper amount of z i n c 
sulphate to make the end r e a c t i o n w i t h potassium permanganate as sharp as t h o u ^ 
no h y d r o c h l o r i c a c i d were present. 'When a l l the z i n c i s d i s s o l v e d wash the 
funnel w e l l i n s i d e and out, and the neck of the f l a s k w i t h water, almost f i l l i n g 
the f l a s k . Cool the f l a s k and contents i n w a t e r , fherx quite cold put the 
s o l u t i o n i n a large v e s s e l r i n s i n g out the f l a s k w i t h cold water and d i l u t e to 
1000 c.c. Run i n from a burette potassium permai^rniate the s t r e n g t h of which i s 
known. At f i r s t the c o l o m t i o n of the permanganate i s immediately destroyed as 
soon as i t touches the l i q u i d which should be c a r e f u l l y s t i r r e d w i t h a g l a s s rod. 
The permanganate should be added more c a r e f u l l y towards the end of the r e a c t i o n , 
f i n a l l y being added drop by drop. B'inally when a drop of the permanganate 
seems to destroy the y e l l o w color and the next drop of s o l u t i o n r e t u r n s i t , the 
r e a c t i o n i s complete. Take the reading of the b u r e t t e . The number of c.c. 
of the standard s o l u t i o n used l e s s a small c o r r e c t i o n f o r the z i n c , m u l t i p l i e d 
by the value of 1 c.c. gives the amotnit of m e t a l l i c i r o n i n the ore. 
The pcSianganate s o l u t i o n used was prepared by d i s s o l v i n g 3,5 grams of 
Kg Mn2 Og i n 1000 c.c. of r e c e n t l y b o i l e d and cooled d i s t i l l e d water. T h i s i s 
a crude s o l u t i o n and so i t was standardized by t i t r a t i o n w i t h n/lO nonual o x a l i c 
a c i d , while t h i s s o l u t i o n was s t i l l hot. The o x a l i c a c i d s o l u t i o n was prepared 
thus: the purest o x a l i c a c i d was s e l e c t e d ; r e c r y s t a l l i z e d and 3.6 grams d i s -
solved i n a l i t t l e d i s t i l l e d w ater. T h i s was then d i l u t e d to 1000 c.c. and the 
s o l u t i o n made uniform by shaking. T h i s was H/lO o x a l i c a c i d , i t was warmed 
and 1 c.c. of pure concentrated su l p h u r i c a c i d was added. 
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The t i t r a t i o n of the penmnganate w i t h t h i s s o l u t i o n then took p l a c e . 
The t i t r a t i o n being c a r r i e d on u n t i l a permaxient pink was obtained. The number 
of C O . of each s o l u t i o n noted and the permanganate d i l u t e d to e x a c t l y correspond 
•with an equal volume of o x a l i c a c i d . 
The value of the i r o n s o l u t i o n was found by t i t r a t i o n w i t h a s o l u t i o n 
of f e r r i c c h l o r i d e of known s t r e n g t h . Below are the r e s u l t s of an experiment 
performed as described above; • 
Oxalic Acid . Fermanganate 
I s t reading 0.6 9p$ 
2nd reading 10.6 ' 6 , 9 
2nd t r i a l 1st 10.6 6.9 
20.6 12.9 
10 : 6 :: 50 : z . 50 being n-umber of c.c. of o x a l i c s o l u t i o n 
s e l e c t e d . X equals 30. Conclusion: 30 c.c. of permanganate s o l u t i o n 
correspond to 50 c.c. of o x a l i c a c i d . Tire d i l u t i o n was -made. 
The strength of the i r o n s o l u t i o n found by t i t r a t i o n w i t h f e r r i c 
oliloride s o l u t i o n of known strength was .04363. The r e s u l t s of the t i t r a t i o n 
of the i r o n s o l u t i o n w i t h H/IO potassium permanganate were: 
Permanganate s o l u t i o n I r o n s o l u t i o n 
1st reading 3,0 
2nd reading 6.0 
3 
Strength of s o l u t i o n .043 63 per c.c. 
Hu!:iber of c.c. used 15 
.55445 amount of i r o n i n sample used. 
Amount of sample - 1 gram. 
Therefore 100 x .65445 equals 65 percent of i r o n i n ore. 
Precipitatiaa Methods. 
The determination of f J i l v c r by the Thiocyanate F r o c e s s . 
The addition of potassium or ammonium thiocyanate s o l u t i o n to a 
s o l u t i o n of s i l v e r i n n i t r i c a c i d causes the formation of a white curd;/ 
p r e c i p i t a t e . i f f e r r i c n i t r a t e i s a l s o present i t i s shown by the s l i g h t e s t 
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excess of thiocyaaate over that combined w i t h the s i l v e r , by a red c o l o r . T h i s 
i s c h a r a c t e r i s t i c thiocyanate t e s t f o r i r o n . 
The reactions involved are: 
Ag ITO3 p l u s K 3 On equals Ag SOU p l u s E H O 3 
SKSCn p l u s Fe (1703)3 ©I'̂ ials Fe (SCnIsplus 3 E3I03 
The n o r m l s o l u t i o n of the thiocyanate s o l u t i o n contains enough of the 
s a l t to combine w i t h 1 gram of li/drogen to form thiocyannio a c i d . The thiocyanate 
cannot be a c c u r a t e l y weighed and so i t s s o l u t i o n rmst be standardized against 
s i l v e r n i t r a t e . T h i s r e a c t i o n may be c a r r i e d out i n n i t r i c a c i d i n the presence 
of copper i f that i s not present i n more than 70^o, The s o l u t i o n s when used 
should be oold and e n t i r e l y f r e e from n i t r o u s so;:q)omids» 
A saturated s o l u t i o n of f e r r i c alum to which a moderate q u a n t i t y of 
n i t r i c a c i d has bean added serves as an i n d i c a t o r . 
The percentage of s i l v e r i n a coin may be determined by the above method. 
Conclusions 
I n volumetric a n a l y s i s as has been showji by an e a r l i e r p a r t of t h i s 
papei', t r u e success depends upon a good t h e o r e t i c a l kaov/ledge and r i g i d observ-
ance of a few simple p r i n c i p l e s . The t h e o r e t i c a l knowledge needed may be s a i d 
to c o n s i s t of the p r i n c i p l e s of s t a M a r d i z a t i o n , wliat c o n s t i t u t e s a standard 
s o l u t i o n , a normal s o l u t i o n and a^i i n d i c a t o r . Then having learned t h e i r con-
s t i t u t i o n a c l e a r understanding of t h e i r use i s needful. As has been shown, 
not a l l i n d i c a t o r s may be used w i t h a l l a c i d s and bases of v a r y i n g s t r e n g t h s . 
Work i n volutaetrio a n a l y s i s presupposes a thorougbi knowledge of 
general ol-iemistry on the p a r t of the a n a l y s t . T h i s kjiov/ledge w i l l g i v e an 
a p p r e c i a t i o n of the v a r i o u s r e a c t i o n s enroloyed and a kno'wledge of chemical 
formulae s u f f i c i e n t f o r the manipulation of those r e a c t i o n s . Furthermoi-e, 
q u a n t i t a t i v e a n a l y s i s of compounds by e i t h e r g r a v i m e t r i c or volumetric methods 
must al s o presuppose a knowledge of q u a l i t a t i v e a n a l y s i s because before the 
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percentage of the conponent parts of a substance can be determined i t i s 
necessary to know the constituents of the substance. 
Having then acquired the needful theory, a few general principles of 
procedure must be mastered. Absolute cleanliness of ai^paratus and surroundings 
are essential in volumetric, as also i n gravimetric, work. Accuracy i s the 
greatest e s s e n t i a l ; for inaccurate work in quantitative analysis i s deplorable. 
Self-confidence in the r e s u l t s of the analyst's work i s also a r e q u i s i t e . Once 
l e t the confidence of the analyst i n h i s own work be lo s t i t i s better to d i s -
card a l l of the analysis and malce a fresh s t a r t . 
Since i t i s a known fact that volumetric methods are l e s s time-
consuraitig than gravimetric methods and the r e s u l t s are more accurate there i s no 
excuse for carelessness incurred by undue haste and inattention to the procedure 
of the a n a l y s i s . 
To quote Talbot: "Nothing l e s s than absolute integrity i s or can be 
demanded of a quantitative aimlyst, and any disregard of t h i s p r i n c i p l e , 
however s l i g h t , i s as f a t a l to success as lade of chemical knowledge or i n -
aptitude of manipulation can possibly be". 
fhns in volumetric analysis the procedure may i n general be said to be 
careful manipulation of substances, eniploying accurately calibrated instruments, 
perfect records of a l l steps taken and accurately drasvn conclusions. When an 
analyst proceeds with a l l analysis i n sudi a manner, employing a l l the knowledge 
and s k i l l i n h i s power the r e s u l t s are of p r a c t i c a l as w e l l as theoretical value. 
The present day tendency i s to make p r a c t i c a l use of a l l things and to 
discard that which i s not of such value. A l l branches of science from the 
siinplest to the most complicated form are beings watched by an ever c r i t i c a l 
world. Due perliaps to t h i s ver^ attitude, science has gained an unlimited f i e l d 
and although volumetric chemical analysis i s but a minute branch of a small 
d i v i s i o n of chemistry i t i s to-day in ejftensive use throughout the world. 
